optic nerve disease by comparing the fluorescein angiograms from eyes with similar visual field defects which were known to have either chronic simple or low-tension glaucoma.
Material and methods
The patients reported here formed part of a larger investigation utilising fluorescein angiography to study the vascular circulation of glaucomatous eyes. Cases selected for inclusion in this study fulfilled the following criteria:
(a) Visual field examination showed an arcuate scotoma, defined as a scimitar-shaped defect which extended from the blind spot to pass above or below fixation and which terminated at the horizontal meridian nasal to fixation. Patients whose visual fields revealed lesser or greater defects were not included.
(b) Glaucomatous cupping, defined as vertical cup/disc ratio of >05, together with any of the following: localised (asymmetrical) thinning of the neuroretinal rim, localised (asymmetrical) pallor of the neuroretinal rim, and a difference in the cup/disc ratios between the two eyes of > 0 2 diameter.
(c) Fluorescein angiography and visual field 126 group.bmj.com on October 14, 2017 -Published by http://bjo.bmj.com/ Downloaded from examination performed within one month of each other (usually on the same day). The technique employed for both investigations was the same in each case and has been fully reported elsewhere (Spaeth, 1975) .
(d) Intraocular pressure of 22 mmHg or less, both at the time of the visual field examination and immediately following the angiogram.
(e) Angiograms of good quality with frames separated by < 1-0 second interval in the early phase of the angiogram allowing accurate determination both of circulation times and filling of the disc and peripapillary choroid. The angiographic technique and method used to determine circulation times have been fully described by Spaeth (1975 (b) Disc transit time. The time between the first appearance of the dye in the optic disc and its appearance in superficial disc veins. The disc veins could be seen as small collector channels arising from the racemose capillary network on the optic disc (Shimizu, 1974 [(b)-above] , although this did not correspond with the most intense or peak fluorescence of the optic disc, which occurred seconds later. Some of the optic discs had spatial filling delays lasting for two or more frames before peak fluorescence was achieved; this was designated delayed fluorescence of (part of) the optic disc. Other patients showed areas of the disc which had not reached peak fluorescence by the late venous phase of the angiogram; this was designated hypofluorescence of the optic disc. We found that hypofluorescence occurred in three different patterns which will be described below. Hypofluorescence was thought to represent hypoperfusion of the optic disc. Hypofluorescence characteristically persisted for upwards of one minute until obliterated by late diffuse disc fluorescence. Filling of the peripapillary choroid was said to have occurred when the outline of the choroidal vessels was replaced by a diffuse choroidal fluorescence.
Delayed filling of the peripapillary choroid was said to have occurred when an area of the peripapillary choroid showed persistence of the choroidal vessel pattern for two or more frames after another area had already filled. No example of delayed filling of the peripapillary choroid persisting until the late venous phase (theoretical hypofluorescence of the peripapillary choroid) as described by Hayreh (1974) was seen.
The optic disc was divided into optic cup and neuroretinal rim, so that 3 concentric zones of cup, rim, and peripapillary choroid were identified on the angiogram and corresponding areas in these zones of normal, delayed and reduced fluorescence could be ascertained. The following were looked for: (1) Areas of disc hypofluorescence; (2) areas of delayed peripapillary choroidal filling occurring next to areas of disc hypofluorescence.
Results
Intraocular pressures and systemic blood pressure at the time of the angiogram are listed in Tables 1   and 2 respectively, retinal and disc transit times are listed in Tables 3 and 4 respectively. There was no major difference between the 2 groups for any of these parameters.
Three patterns ofhypofluorescence ofthe optic disc 127 group.bmj.com on October 14, 2017 -Published by http://bjo.bmj.com/ Downloaded from Spaeth, 1975 could be seen. It must be emphasised that these patterns of optic disc hypofluorescence will only be seen on well-focused angiograms. These patterns have been called sector, patchy, and extensive. Sector hypofluorescence referred to a wedge of hypofluorescence extending from the outer edge of the neuroretinal rim towards the centre of the disc involving the adjacent part of the optic cup, the remainder of the optic disc appearing to fluoresce in a normal fashion (Fig. 1) . Patchy hypofluorescence described optic discs with two or more areas of neuroretinal rim hypofluorescence separated by apparently normally fluorescing areas and associated with variable hypofluorescence of the optic cup (Fig. 2) . Extensive hypofluorescence referred to a single area of hypoperfusion of the neuroretinal rim together with hypofluorescence of the entire optic cup (Figs. 3 and 4) . The incidence of the various patterns of optic disc hypoperfusion in the 2 groups may be seen in Table 5 . Whereas 'normal fluorescence (Fig. 5) and all 3 patterns of hypofluorescence were seen in the eyes with chronic simple glaucoma, sector hypofluorescence only was seen in patients with low-tension glaucoma.
The results of comparing areas of delayed peripapillary choroidal filling with areas of optic disc hypofluorescence may be seen in Table 6 . No difference was apparent between the 2 groups. Delayed filling of the peripapillary choroid was not preferentially sited adjacent to hypofluorescent areas of the neuroretinal rim.
The peripapillary choroidal filling delay did not persist for more than 3-5 seconds in any case. (Best et al., 1972; Spaeth, 1975) . Similarly, care was taken to ensure that intraocular pressure was not elevated at the time of the visual field examination, as this might have affected the nature of the scotoma (Gafner and Goldmann, 1955) . Repeat angiographic studies had shown that circulation times and filling (Spaeth, 1975) . rim (hollow arrows) associated with hypofluorescence of part of the optic cup. Hypofluorescence from peripapillar-y pigment is also seen (solid arrows)
Discussion
This investigation reports on the use of fluorescein angiography to contrast the papillary and peripapillary circulations in 2 groups of glaucoma patients. For the purposes of discussion it should be emphasised that the 2 groups were similar in every respect including the type of field defect, the presence of glaucomatous cupping, and intraocular _v pressure <22 mmHg at the time of examination. The factor which separated the 2 groups was a (Hitchings and .Spaeth, 1976; Spaeth, 1975) (Spaeth, 1975) . These areas of filling delay were not found most frequently adjacent to ft~~~~~~~~areas of neuroretinal rim hypoperfusion, nor was there any difference between the 2 groups of patients. There was no evidence that focal peripapillary hypoperfusion played any part in the pathogenesis of disc hypofluorescence in either of the 2 groups of patients in this study.
There was no evidence for any difference in circulation times between the 2 groups of patients. Nor was there systemic hypotension in the patients with low-tension glaucoma. No patient had had an episode of acute systemic hypotension that might have precipitated the field loss (Drance, 1972) .
These findings are slightly surprising in view of the reports that patients with low-tension glaucomã __>have a higher incidence of haematological, bio- The laminar and prelaminar regions of the disc are thought by some to receive a portion of their bodsupply from the adjaet eippllary choroid on the basis of anatomical (Hayreh, 1969; Henkind and Levitsky, 1969; Francois and Neetens, 1972; Ernest, 1975) , and fluorescein studies (Ernest and Potts, 1968; Hayreh, 1970; Best et al., 1972) . Poor autoregulation of choroidal blood flow may render the peripapillary choroidal circulation more susceptible to elevated intraocular pressures (Alm and Bill, 1973) when the blood flow to the optic disc would be diminished. Some observational support for this hypothesis has been provided by Hayreh (1974) , who noted so-called peripapillary choroidal hypofluorescence, later reversing to delayed peripapillary fluorescence, in the early stages of anterior ischaemic optic neuropathy. Hayreh (1974) (Drance, 1972; Leighton and Phillips, 1972; Winder et al., 1974) . There may be similarity between patients reported here and those of Boghen and Glaser (1975) , who noted that in patients with acute ischaemic optic neuropathy the incidence of vascular and haematological disease was similar to that occurring in an age and sex matched group of normal subjects.
Hypofluorescence of the neuroretinal rim rather than hypofluorescence of the optic cup has been found to correspond with areas of field loss (Spaeth, 1975; Hitchings and Spaeth, 1976) . These angiographic pictures of papillary hypofluorescence are reproducible, they persist despite long-term 'control' of intraocular pressure, and do not seem to 'improve' with time (Spaeth, 1975) . In this series the arcuate field defect was associated with hypofluorescence of the neuroretinal rim in all bar one patient (Fig. 5 ). This patient, however, had 'normal' fluorescence of the optic disc, and it must be assumed that at this stage no changes in the vascular network of the optic nerve, detectable by optic disc angiography, had occurred.
Four patients had small patches of hypofluorescence on the neuroretinal rim in areas not corresponding with the visual field defect. Repeat angiograms confirmed these defects. It is likely that these hypofluorescent areas represent hypoperfusion and reflect reduced neuronal function. The resultant field defects must have been too small to be noticed by the patient with the method of Goldmann field testing employed in this study (Spaeth, 1975) .
The 2 groups of patients differed in that only those patients in the group labelled 'chronic simple glaucoma' were known to have had chronic elevation of intraocular pressure. The fluorescein angiograms differed in that all patients with lowtension glaucoma showed sector hypofluorescence, while a more varied pattern, including sector hypofluorescence was seen in the eyes that had chronic simple glaucoma. Begg et al. (1972) also noted sector hypofluorescence in a group of 10 patients, each with an arcuate scotoma, 3 of whom were diagnosed as low-tension glaucoma. Sector hypofluorescence is explained by non-perfusion of the radial centrepetal prelaminar arteries, described by Hayreh (1970) . In some individuals these vessels would appear particularly vulnerable, localised nonperfusion occurring in the absence of elevated intraocular pressure. The resultant glaucomatous cupping with field loss is diagnosed as low-tension glaucoma. Similar vascular non-perfusion occurs in some patients with chronic simple glaucoma. However, eyes with chronic simple glaucoma may demonstrate a far greater degree of papillary hypofluorescence (13 out of 18 in this series). This suggests chronic elevation of intraocular pressure may affect blood vessels over the whole area of the disc, either directly, or indirectly following loss of neurones or glia.
